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Abstract 
 
Alcohols are known to act as anesthetics. There were several mechanisms proposed to 
explain the molecular interactions that cause anesthesia. But they remain futile in giving a 
clear picture about the molecular mechanism. Nevertheless most of the proposed theories 
revolve around anesthetics influence on the membranes. It is believed that anesthetics 
may be directly act upon the receptors or indirectly influence them by perturbing the lipid 
membranes. Several studies have been carried out to understand the relation between the 
perturbation s caused in the membranes and anesthesia. Synthetic and model lipids were 
found to be useful in these experiments. Numerous studies explained the effect of 
alcohols on the phase transitions of the membranes. But there was no study made on 
understanding the effect of alcohols on hexagonal phase transition, which found to be 
more sensitive to the various substances, with respect to anesthesia. In the present work 
we used alcohols from C2-C8 and C12 to understand their effects on phase behavior of 
the membranes using DSC. We used POPE (L-α-1-palmitoyl-2-oleoyl-
phosphotidylethanolamine) for our studies. Concentrations of alcohols in the membranes 
were calculated with the help of partition coefficient values obtained from the literature. 
Phase diagrams plotted with the transition temperatures (Th) as a function of membrane 
concentrations of alcohols revealed that the employed alcohols does not influence the 
hexagonal phase transition in a single fashion. Therefore it may be concluded that this 
has no relevance or of very little relevance to the molecular mechanism of anesthesia.      
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Introduction 
 
Anesthesia is one of the most important processes in the field of medicine. It is used to 
eliminate patients’ pain perception and response to painful stimuli (Duncum, 1994). 
Since the introduction of diethyl ether as the first anesthetic agent by Morton in 1846, 
several substances ranging from inert rare gases to steroid molecules with anesthetic 
nature were identified. Search for even better anesthetics has continued up to date. 
Numerous theories have been proposed to explain how general anesthetics work.  But 
none of these could explain the molecular interactions that are responsible for anesthesia. 
  
The first theory of anesthesia proposed independently by Overton and Meyer states that 
“Narcosis commences when any chemically indifferent substance has attained a certain 
molar concentrations in the lipids of the cell” (Meyer & Hemmi, 1935; Seeman, 1972). 
The diversity of chemical structure of anesthetics suggests lack of a specific receptor site 
and supports lipid theory proposed by Meyer and Overton. Many membrane studies on 
the mechanisms of anesthetic action have focused their attention on the effects of 
anesthetics on the physical properties of membranes, such as fluidity and membrane 
volume expansion. Some described that the perturbations of membranes can influence the 
function of various proteins including ion channels (Barbara and Jonathan 1984). A 
renewed interest in the role of membrane lipids was triggered by a hypothesis from 
Cantor (1997), who suggested that modifications induced by the presence of anesthetic 
molecules may indirectly alter membrane protein function by modifying the membrane 
protein conformational equilibria (Robert S. Cantor, 1997). 
 
Besides there are many other mechanisms proposed arguing that anesthesia occurs 
through rather a specific interaction with various targets (Review by B W Urban, 2002). 
But still many proposed models do not rule out a bilayer mediated mechanism (Robert C. 
Cantor, 1994). 
 
Membrane models 
At low temperatures, the phospholipid bilayer possesses a gel-like consistence with the 
chain regions in a highly ordered crystalline state. Here, the hydrocarbon chains are 
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predominantly in the Trans conformation and are stabilized by van der Waals forces of 
attraction. On heating, it experiences a phase change at a specific temperature, melting to 
become more fluid with the phospholipid molecules exercising increased mobility. This 
phase transition is accompanied by a change in conformation of the hydrocarbon chains. 
Through the uptake of thermal energy, a considerable amount of gauche-conformers and 
other energetically unfavourable conformations are formed. The energy uptake for this 
process can be measured. The “melting temperature” (phase transition temperature) at 
which this transition occurs is characteristic for each phospholipid.  
 
The phosphatidylethanolamines are currently the best studied of the naturally occurring, 
non-bilayer-forming lipids. Fully hydrated dispersions of many phosphatidyl- 
ethanolamines exhibit two thermo tropic phase transitions: a lower temperature, higher 
enthalpy lamellar gel (Lβ) to lamellar liquid-crystalline (Lα) transition and a higher 
temperature, lower enthalpy lamellar liquid crystalline (L,) to reversed hexagonal (HII) 
transition (Seddon et al., 1983, 1984). 
 
One of the most common, naturally occurring PEs is 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphoethanolamine (POPE, 16:0-18:1, Mw 718.01). These show phase transitions at 
experimentally convenient temperatures. 
 
 
 
 
 
 
Fig.1 Chemical structure of POPE 
 
At the main transition or melting temperature(Tm) the ordered phase is transformed into 
the liquid crystalline (or fluid) phase. At even higher temperature, POPE form inverse 
hexagonal phase. This is known as Th (Hexagonlal phase transition). 
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Lβ    Lα      
Fig.2 Different Phases shown by POPE 
  
 
In this project we used POPE to study the effects of alcohols on phase transitions.  
 
Alcohols 
 
For more than a century it has been known that alcohols can act as general anesthetics 
(Meyer, 1899, Overton, 1901). According them the potency of the anesthetic molecule 
depends on its partitions into a lipid bilayer. The partition coefficient increase with 
alcohol chain length is to be expected, since alcohol hydrophobicity scales with the 
length of the hydrocarbon chain. With increasing chain length, n-alcohols continue to 
partition into lipid bilayers long after they have ceased to be general anesthetics (Franks& 
Lieb, 1986). 
 
The normal alcohols up to 1-octanol lower the gel to liquid crystalline phase transitions in 
dipalmitoyl- phosphatidylethanolamine (Lee, 1976). Alcohols up to 1 -octanol increase 
the proportion of lipid in the liquidus state and result in anesthesia, whereas the longer 
alcohols do not, and result in catalepsy (Lee, 1976). 
 
 Further NMR and nuclear Overhauser effect spectroscopy experiments have suggested 
that the location of short chain alcohols in the region of the head group nearest the tails 
causes the hydrocarbon chains to tilt and is responsible for the decreases in the gel-liquid 
transition temperatures (Barry & Gawrisch, 1994; Feller et al., 2002). Their location in 
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the headgroup region disturbs the natural microstructure of the lipid membrane and is 
apparently responsible for observed increases in membrane fluidity or disorder (Chin and 
Goldstein, 1977), increases in the membrane lipid lateral mobility (Chen et al., 1996). 
They are also found to influence membrane thermodynamic parameters (Trandum et al., 
1999 and 2000). There was also some work showing the importance of hexagonal phase 
transition.  Phosphatidylethanolamines containing an alkenyl ether bond in position 1 of 
glycerol undergo a bilayer to hexagonal phase transition close to physiological 
temperatures (Lohner et al., 1984). There is evidence that the formation of a hexagonal 
phase can have a marked effect on biological phenomena (Verkleij, 1984; Rilfors et al., 
1984; Gordon-Kamm & Steponkus, 1984). 
 
 It is yet to be proved whether in one of these several ways or due to some coordinated 
interactions alcohols influences the membrane physical properties there by causing 
anesthesia. 
 
In view of the importance of interactions with bio-membranes in living organisms, in-
vitro preparations of phospholipid bilayers often serve as models for the investigation of 
membrane properties and the interactions of bio-membranes with the other substances 
such as anesthetics. The melting process can be used in investigating interactions of the 
substances of interest with phospholipid bilayers, since the presence of the former 
influence the phase transition temperature.  
 
Differential scanning calorimetry  
 
DSC is a thermal analysis technique that measures the difference of the energy (heat) 
required to linearly increase the temperature of sample and reference as a function of 
temperature.  
 
Throughout the experiment, the temperature of the sample and the reference are kept 
identical. An adiabatic shield keeps at the same temperature as the cells prevent any heat 
exchange of the cells with the environment so that the heat uptake only from the electric 
heater. When the sample undergoes a chemical or physical transformation during the 
scan, in order to maintain the sample and the reference at the same temperature, more or 
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less heat needed to flow to it than the reference. This depends on whether the process is 
exothermic (release heat) or endothermic (absorb heat).  
 
The excess electrical power to equalize the temperature of the sample and the reference is 
monitored. From the equation: CP = qP/T, the heat capacity, CP, can be easily gotten. 
Then, from equation 1, the enthalpy change associate with the process is calculated. 
P
P T
HC 





∂
∂
=                                        (1) 
 
Differential scanning calorimetry is used widely in the chemical industry and 
biochemistry laboratory. For example, DSC is a handy tool to characterize polymers, and, 
it is also used to assess the stability of proteins, nucleic acid and membranes (Atkins' 
Physical chemistry, 2002). 
Since the pioneering studies of Chapman (1974) and others, DSC has become the 
standard technique to monitor the phase transitions and it is the standard method to 
establish phase diagrams by detecting the onset and completion of thermo tropic phase 
transitions.  
 
The main objective of this study was to find the relevance of hexagonal phase transition 
in explaining the molecular interactions that occur during anesthesia. We used alcohols of 
various lengths from C2-C8 and C12 to study their effects on phase behaviour of the 
POPE. We also attempted to study the effect of some secondary alcohols including 2-
butanol, 2-hexanol and 2-ocatnol on phase behaviour of the POPE .  
 
MATERIALS AND METHODS 
 
Materials 
 
Phospholipid 
 
In this project we used POPE (L-α-1-palmitoyl-2-oleoyl-phosphotidylethanolamine) 
purchased from Avanti Polar Lipids (Birmingham,AL, USA) without any further purification.  
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Alcohols 
 
Table 1 
 
 Purity Company 
Ethanol 99.8% Fluka Chemica, 
Switzerland 
Propanol 99.8% Fluka 
1-Butanol 99.9% Fluka 
1-Pentanol 99% Merck  
1-Hexanol 99% Fluka 
1-Heptanol 99% Fluka 
1-Octanol 99.5% Fluka 
2-Butanol 99.5% Fluka 
2-Hexanol 98% Fluka 
2-Octanol 99% Fluka 
1-Dodecanol 99.5% Fluka 
 
 
 
 
Propofol (2, 6-diisopropylphenol), an approved anaesthetic agent. 
 
 
Propofol 97% Sigma, steinheim, 
Germany 
 
Method 
 
Sample preparation 
 
Lipid vesicles 
 
     10mM POPE was prepared in screw cap vial.  The sample is cycled between 4o C and 
80oC  with frequent shaking to hydrate the lipid. Stored at 4o C. 
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Alcohols 
 
Alcohols of different concentrations were prepared by weighing. Solubility data (G.L. 
Amidon et al, 1974) was used in choosing the various concentrations. These stock 
concentrations are mentioned in table 2 
 
 
 Concentrations in mM 
Ethanol 25 50 100 200 400 800 
Propanol 25 50 100 200 400 800 
1-Butanol 25 50 100 200 400 800 
1-Pentanol 3.125 6.25 12.5 25 50 100 
1-Hexanol 0.78 1.5625 3.125 6.25 12.5 25 
1-Heptanol 0.2187 0.4375 0.875 1.75 3.5 7 
1-Octanol 0.0625 0.125 0.25 0.5 1 2 
2-Butanol 25 50 100 200 400 800 
2-Hexanol 1.5625 3.125 6.25 12.5 25 50 
2-Octanol 0.0625 0.125 0.25 0.5 1 2 
 
Table 2. Stock concentrations of alcohols 
 
The desired amount (300µl) of alcohol solution was transferred with a pipette into an 
empty vial and quantified gravimetrically. 300 µl of lipid solution was added 
immediately to the vial, which was weighed and tightly closed. The final concentration of 
the alcohol becomes half of that mentioned in the table 2. Samples containing alcohols up 
to C4 were incubated for few hours and those containing up to C7 for over night, C8 and 
C9 for 2 days before analysis.  
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Dodecanol and Propofol  
 
As Dodecanol and Propofol are insoluble practically in water we assumed that the 
method used by T. H. Aagaared et al (2005) is useful in our case. Therefore 1ml of  lipid 
suspension was first lyophilized for 24 h and then dodecanol was added in 1:3.2, 1:5.9 
and 1:11.8 and  propofol was added in 1:2.7, 1:6.3, 1:7.7 alcohol/lipid mole ratios to the 
lipid (10µmol)  and closed tightly. The vial was wrapped with parafilm. Then to induce 
evaporation that allows the even absorption of solute, it was heated at 40oC for 2 h and 
then at 80oC for 1h as no evaporation was noticed. It remained futile indicating that this 
method is perhaps suitable only for solutes with lower boiling point such as hexane.  
So 1ml MilliQ water was added and left on shaker for 2 days to enhance the possible 
interactions of solute with the lipid. 
A reference sample containing only lipid was used to test the effect of this approach on 
the lipid.  
 
DSC 
600µl of each sample was transferred to the cells of DSC (Model DSC-7707, Make 
HART Scientific, Pleasant Grove, Utah,). The sample was heated from 10oC and 800C at 
a rate of   10 C per min. The gel-to-liquid phase transition temperature(Tm) and the 
hexagonal phase transition temperature (Th) were determined from the endothermic 
peaks. 
 
Data analysis 
The graphs were plotted using Origin by origin Lab Corporation, version 7.0 
(Northampton, MA, USA). 
 
RESULTS  
 
We have studied the effect of various alcohols starting from Ethanol to octanol (primary 
alcohols) and some secondary alcohols including 2-butanol, 2-hexanol and 2-octanol on 
synthetic vesicles of POPE. Initially we identified the main phase transition temperature 
(Tm) and hexagonal phase transition temperatures (Th) from the raw data. Then plot the 
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transition temperatures as a function of concentrations of alcohols in the sample.  Our 
aim in this project is to analyze the phase behaviour so we did not attempt to calculate 
transition enthalpy, which can be obtained from the area under the peak. Moreover to 
calculate this it needs higher concentrations of lipid sample.  
 
Tm 
As mentioned in the introduction Phosphatidyl ethanolamines show conversion of gel 
phase to liquid phase up on heating. This is referred to Main phase transition temperature 
or simply melting temperature (Tm). Reference sample containing only lipid suspension 
without any alcohol has shown a melting temperature of 28.0+/-0.4 oC.   
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Fig.3 Effect of increasing concentrations of various alcohols on Tm   
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For all the tested alcohols the main phase transition temperature is found to be shifted to 
lower temperatures with the increase in concentrations of alcohols (Fig3). Initially there 
was a slight decrease due to small concentration of alcohol and as the concentration was 
increased further slightly larger reduction in Tm was noticed. Secondary alcohols acted in 
a much similar fashion as their primary counterparts.  In case of dodecanol Tm values 
were suspicious. Therefore we have not included them here. Propofol shifted the Tm  to 
low temperatures. DSC heating scans illustrating the effect of ethanol addition on the 
thermo tropic phase behaviour of lamellar vesicles of POPE are presented in Fig 4. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
              
 
     
 Fig.4 Effect of increasing concentration of ethanol on Tm of POPE 
Tm value was determined by choosing the highest value of the peak. Few selected 
concentrations of ethanol were shown for the clarity along with the reference. 
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Th  
Up on further heating POPE has converted from lamellar liquid phase to non lamellar 
inverted hexagonal phase (HII), which is characteristic of phosphatidyl ethanolamines. 
The reference sample containing lipid suspension without alcohol has shown a Th value 
of 71.5+/-0.04o C. It is in complete agreement with the findings of Epand R M (1985).  
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Fig.5 Effect of alcohols on the Th of the POPE 
 
Though the hexagonal phase transition temperature (Th) was initially found to be shifted 
to slightly lower values, it was increased with the progressive increase in concentrations 
with alcohols up to C4 and in contrary it was decreased to lower temperatures with C5-
C8 (Fig.5). The effect of increased ethanol and octanol concentrations on the Th of the 
POPE is shown in the Fig.6 and 7 respectively. 
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 The longest chain alcohol studied in the present work was Dodecanol. But Th values 
could not be identified as there were several peaks appeared in the thermogram. It could 
be due to the problem in mixing the samples and could also be due to impurities. Increase 
in equilibration time from 2 days might give better results. In case of propofol no peak 
was noticed for hexagonal phase transition.  
                                                                                                                                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Effect of increased concentrations of     Fig. 7 Effect of increased concentrations of   
            Ethanol on Th of POPE                                           Octanol on Th  of  POPE 
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DISCUSSION 
 
Considering the alcohol concentration in the sample does not give the true effect on 
membrane, rather it is useful to calculate the alcohol concentration in the membrane. This 
can be done by using partition coefficient values.     
 
 
Partition coefficient 
 
The influence of alcohols on the lipid bilayers has been extensively investigated by 
several researchers. Modeling oil-water partitioning has proposed as an approach because 
of its simpleness. The interaction of alcohols between lipid bilayers is considered as the 
equilibrium between a solute (alcohol) in the free (water) and partitioned (membrane) 
state, described by the reaction, 
Aaq Alip                                                       (2) 
Where A (aq) and A (lipid) indicate alcohol in aqueous solution and lipid bilayer phase, 
respectively. The partitioning coefficient, KP, is defined as a ratio of solute concentration 
in the two phases. It can be given in either mole fraction or molal terms, here we use the 
latter. 
m Aq
n AqA
mMem
nMemA
K p =                                                                        (3) 
Where n is number of moles, subscript A designates alcohol, m is mass and superscript 
Aq and Mem is aqueous solution and lipid membrane, respectively. 
Rearrange the Equation 3 to Equation 4 
mMemnAqA
mAqnMemAK p =
                                                                        (4)  
Since nnn
Aq
A
Mem
A
Total
A
+=                                                                                     (5) 
Insert equation 5 into equation 4 yields 
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m MemnnTotalA
Mem
A
m Aqn MemAK p
)( −
=
                                                 (6) 
Rearrange equation 6 yields 
nMemA =
m Aqm
Mem
mMemnTotalA
K
K
P
P
+
                                                                                   (7) 
The partitioning coefficients of alcohols (molal units) in the DMPC (Table 3) from the 
literature (T. H. Aagard et al, 2005) were used (assuming that the Kp values would be 
similar for POPE) to calculate the alcohols concentration in the membrane of POPE. 
Example of the calculation is showed below. KP for the other solutes, which were not 
listed on the table, we calculated them from the plot of ln (KP) vs. the number of carbon 
atoms. 
 
Solute 1-PrOH 1-BuOH 1-PeOH 1-HxOH 1-HpOH 1-OcOH 
Kp 1.3 3.3 12 26 135 480 
 
Table 3. Partitioning coefficients of alcohols in the DMPC membrane at 30 oC 
 
Example of calculation: 
Mix 300l of POPE solution (10mM) with 300l of propanol solution(100mM) 
10mM of POPE solution is equivalent to 0.72 %( w/w) of POPE solution 
100mM of propanol solution is equivalent to 0.6 %( w/w) of propanol solution 
molmol
mAqm
Mem
mMemnTotalA
nMemA
K
K
P
P 7
9
104.1
99.4%)mg30099.28%(300%)mg 0.72300(1.3
%)mg 0.72300()10300100(3.1
−
−
×=
×+×+××
×××××
=
+
=  
There is 2.16 mg membrane, so the volume of membrane ( vMem ) equals to 2.16 l. 
The propanol concentration in the membrane 
mMlmol
l
mol
v Mem
nMemACMem 65/065.01016.2
104.1
6
7
==
×
×
==
−
−
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Like wise it was calculated for the remaining concentrations and for all the alcohols. 
 
For secondary alcohols, we could not find their partition coefficients in any kind of 
membranes. Therefore, solubility of secondary alcohols in water was used to estimate 
their partition coefficient. The more soluble alcohol is, the smaller value of partition 
coefficient it has. This can be expressed by equation  
C
C
K
K
P
P
1
2
2
1
=                                                                  (8) 
Where C is solubility of alcohol, superscript 1 and 2 designate primary and secondary 
alcohols, respectively. 
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Fig.8 Shift of the lamellar gel phase to lamellar liquid phase transition temperature (Tm) 
in the presence of alcohols. T is the change in transition temperature from 28.0oC. 
 
Alcohols were known to decrease the Tm. The same effect was noticed (fig.8) in these 
experiments.  It was described as, due to its tendency to locate themselves at the 
hydrophilic regions of the membranes thereby increasing the disorderness of the 
membrane (Chin and Goldstein, 1977). If the over all effect of the alcohols on both the 
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Tm and Th was observed, Tm was shifted between 20-28 oC (difference of 8oC), where as 
Th was shifted between 46 and 78 oC (difference of 32 oC). This clearly showed that the 
Th is more sensitive to the presence of alcohols than the Tm.  So our main interest was to 
study the effect of alcohols on Th.  
      
 
Inverted Hexagonal phase is a non-lamellar/non-bilayer phase, which is a characteristic 
of Phosphotidylethanolamines. In the present work POPE is shifted to HII phase at 
71.5+/-0.040C. 
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Fig.9 Shift of the lamellar liquid phase to hexagonal phase transition temperature (Th) in 
the presence of alcohols. T is the change in transition temperature from 71.5oC. 
 
The membrane concentrations of ethanol up to 30mM reduced the Th value by 1o C but 
when the concentrations were increased to 60mM and above the Th was also found to be 
increased significantly.  Propanol has shown the same effect.
 
 But butanol in spite of 
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using in the same concentrations as the ethanol and propanol and in addition with the 
higher partition coefficient has not shown to influence the Th as much as the latter (Fig 9).  
At higher concentrations, pentanol, hexanol and heptanol reduced the Th drastically. 
Hexanol and heptanol have shown similar influence. Though the octanol concentrations 
in the membranes were smaller than any other alcohol used in this study (due to its low 
solubility in the water), they could reduce the Th significantly. For the sake of clarity we 
have expanded the crowded region from fig.9 and shown in the fig.10. 
 
 
0 50 100 150 200
-10
-5
0
5
de
lta
 
T
Con. of alcohol in the membrane in mM
 ethanol
 1propanol
 1butanol
 1pentanol
 1hexanol
 1heptanol
 1octanol
 2Butanol
 2Hexanol
 2Octanol
 
Fig.10 Enlarged region between 0-200mM from the fig.9  
 
 
Alcohols between C2 and C4 were shown to increase the Th  with the increase in their 
concentrations in the membrane (Fig.10).  It indicates that the short chain alcohols 
stabilize the lamellar phase. If the effects of these three alcohols were compared, ethanol 
had a larger effect at a given concentration than the other two. Butanol concentration in 
the membrane was larger compared to any other alcohol, but at the maximum possible 
concentration (1.3M) it could only increase the Th by 6oC, where as ethanol at even ten 
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times lower concentrations had a comparable effect. Alcohols with chain lengths between 
C5 and C7 were decreasing the Th to a greater extent (fig 9).  
If you see the over all effects, short chain alcohols (C2-C4) were decreasing the Tm there 
by destabilizing the lamellar gel phase and by increasing the Th they were stabilizing the 
lamellar liquid phase. This clearly shows that these alcohols are expanding or favouring 
the existence of lamellar liquid phase. 
In contrary long chain alcohols (C5-C8) decreased both the Tm and Th.  These alcohols 
were not favouring both the gel and liquid lamellar phases but favouring the formation of 
hexagonal phase. 
 
Effects at clinically important concentrations 
Here we considered the effect between 30mM-40mM.  At these concentrations almost the 
same Tm was noticed in alcohols up to C3, and above C4 it was comparatively smaller 
(Table 4).  
 
Concentration C2 C3 C4  C5 C6 C7  C8 
30-40mM 27.9 oC 27.9 oC 28.0 oC 27.2 oC 27.0 oC     - 27.1 oC 
 
Table 4. Effect of alcohols on Tm at clinical concentrations 
 
At clinical concentrations (around 30mM- 40mM) all the alcohols except propanol and 
pentanol shifted the Th   to slightly lower temperatures (table 5). For heptanol no value 
was obtained in this range. Maximum shift observed was 1.9oC for propanol. It does not 
seem to be a significant difference.  
 
concentration C2 C3 C4 C5 C6 C7 C8 
30-40mM 71.0 oC 71.4 oC 70.6 oC 71.4 oC 70.2 oC      - 69.5 oC 
  
Table 5. Effect of alcohols on Th at clinical concentrations 
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If the overall effect of alcohols on the phase transitions was compared with the effects at 
clinical concentrations, no significant effect was noticed.  
 
Molecular interactions 
 
The dependence of lipid morphology on molecular shape can be expressed in terms of the 
relationship v/al. 
 Where  
v = is the volume of the hydrophobic portion of the bilayer,  
l = is the length of the hydrophobic portion in a direction perpendicular to the plane of 
the bilayer,  
a = is the hydrophilic surface area (Israelachvili et al., 1980).  
The higher the value of v/al, the more likely the lipid will be converted to the reversed 
hexagonal (Hll) phase.  
 
The interaction of the alcohols which causes tension at hydrophilic head region, increases 
the term `V` i.e. the hydrophobic volume, also the `a`, the hydrophilic region. As the 
membrane expands tail regions bend decreasing the term `l`. If the increase in the volume 
of hydrophobic region dominates the decrease in chain length and the increase in `a` the 
V/al value increases, favouring the formation of hexagonal phase. Here long chain 
alcohols were found to show this effect. Somehow short chain alcohols are decreasing the 
value of V/al which could be understood due to their effect by increasing Th.  
 
 
Conclusion 
 
The alcohols studied here influenced the Th in different ways. Up to certain length they 
increased the Th and later they decreased.  As all these tested alcohols were known to 
cause anesthesia, they were expected to influence a given property in a similar fashion.  
Therefore varying effects may indicate that the hexagonal phase transition temperature 
has nothing to do with the interactions that cause anesthesia.    
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Appendix 
 
Table: Main phase and hexagonal phase transitions of POPE identified during this study 
 
conc. Of 
alcohol in the 
sample(mM) 
Th Tm 
 
 
conc. Of 
Alcohol in the 
membrane (mM). 
Ethanol      12.5 70.03643 28.1763 
 
25 70.3844 28.0856 7.5 
50 70.5143 28.0455 15 
100 70.998 27.9104 30 
200 73.09419 27.5223 60 
400 75.4699 27.2332 120 
1-propanol    
12.5 70.7747406 28.0071 8.1155 
25 71.3901697 27.9217 16.2311 
50 72.3306271 27.6267 32.4623 
100 75.0039595 26.1166 64.9246 
200 73.3334677 27.0465 129.8493 
400  24.9321 259.6987 
1-butanol    
12.5 70.6690256 27.9817 40.9080 
25 71.3186239 27.4702 81.8160 
50 71.9388034 26.5248 163.6320 
100 73.7976109 25.1736 327.2640 
200 76.904009 22.8937 654.5281 
400 77.8 27.4714 1309.0560 
2-butanol    
12.5 72.2971 27.6837 38.7467 
25 72.5699 27.6071 77.4935 
50 72.8572 27.1991 154.9871 
100 74.7164 26.3234 309.9742 
200 77.8958 25.0172 619.9484 
400 no peak 22.7515 1239.897 
1-pentanol    
3.125 71.3886 27.3829 18.0344 
6.25 71.3783 27.1799 36.06879 
12.5 71.1674 26.5302 72.1375 
25 80.0191 25.5316 144.2751 
50 66.8617 23.5756 288.5503 
100 58.3979 20.3865 577.1006 
1-hexanol    
0.78 71.2583 27.2982 9.31698 
1.5625 70.9991 27.1791 18.6339 
3.125 70.2017 27.0247 37.2679 
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6.25 67.482 26.3506 74.5358 
12.5 63.1091 25.025 149.0716 
25 46.9944 21.5868 298.1433 
1-heptanol    
0.215 71.1357 27.5125 9.996 
0.43 70.7909 27.1969 19.9201 
0.8 many peaks  39.8403 
1.725 67.8352 26.7475 79.6806 
3.5 62.9334 25.9895 159.3613 
7 48.149 21.5704 318.7227 
1-Octanol    
0.0625 71.44  5.5056 
0.125 71.2815 27.2711 11.0112 
0.25 70.2826 27.1761 22.0225 
0.5 69.4819                     27.1071 44.0451  
1 66.86 26.5419 88.0902 
2-hexanol    
1.5625 71.708 27.6575 6.5552 
3.125 71.4493 27.6557 13.1105 
6.25 69.9906 27.1341 26.2210 
12.5 68.5834 26.8541 52.4421 
25 65.662 25.5162 104.8844 
50 no peak 23.0381 209.7687 
2-octanol    
0.0625 71.772 27.6959 4.1394 
0.125 71.2813 27.8297 8.2788 
0.25 71.0419 27.8188 16.5577 
0.5 70.3196 27.8236 33.1155 
1 68.6632 27.2364 66.2311 
2 64.7729 26.8133 132.4622 
 
 
 
 
 
